INTRODUCTION
The Montreal Protocol phase-out of chIorofluorocarbons (CFCs) has required manufacturers to develop refi-igeration and air-conditioning systems that use refrigerants that can not damage stratospheric ozone. The automobile industry responded to these requirements by developing airconditioning equipment based on HFC-134a that provided comparable or better performance than the preceding generation of air conditioners using CFC-12. Worldwide concerns are now being raised about the impact of using fluorocarbon refrigerants if they are released to the atmosphere because of their global warming potentials (GWPs). When considering the global warming impact of any refrigeration system, however, it is essential to remember that factors other than the GWP of the refiigerant are important, or even dominant for some refrigeration systems.
Automobile air-conditioning has three separate impacts on global warming; 1) the effects of refiigerant inadvertently released to the atmosphere fiom accidents, senicing, and leakage; 2) the efficiency of the cooling equipment (due to the emission of CO, &om burning fie1 to power the system); and 3) the emission of CO, from burning fie1 to transport the system. The Total Equivalent Warming Impact (TEWI) is an index that should be used to compare the global warming effects of alternative air-conditioning systems because it includes these contributions from the refiigerant, cooling efficiency, and weight.
ASSUMPTIONS
This paper examines the TEWI of hypothetical automobile air conditioners using HFC-l34a, isobutane (HC-6OOa), propane (HC-290), and carbon dioxide (R-744). The system with HFC-134a is assumed to use the "conventional" components (e.g. belt driven open compressor, direct expansion evaporator, air-cooled condenser) with "representative" component efficiencies. The two air conditioners using hydrocarbons as refiigerants are assumed to be similar to the HFC-134a system with the notable exception of employing a secondary heat transfer loop to isolate the flammable refiigerant from the passenger compartment. This addition results in a thermodynamic loss because of the additional AT imposed by the secondary Imp, extra weight (due to the heat exchanger, hoses, and pump), and pumping energy. The air conditioner using CO, has been frequently in the literature [ 1,2,3] and resembles a conventional vapor compression system with the notable exception that the high side heat exchanger operates above the critical point and hence is a gas cooler; there is no condensation from vapor to liquid in the high side gas cooler.
Previous or vehicle air-conditioning load. These include:
Several basic assumptions affect the calculation of TEWI irrespective of system configuration 0 57 liters gasoline / 100 kg incremental weight / 10,000 km, 2.32 kg CO, released / liter kel consumed, e 0.243 kg CO, released / kwh heat energy into the engine, 0 25% engine efficiency, and 0 85% of vehicle operating time at highway engine speeds, 15% of time at idle conditions Other assumptions are independent of the c h t e , but vary w i t h the choice of refiigerant. They inctude the evaporating temperature, refiigerant GWP, system weight, and the high side refiigerant temperature. These are summarized in Table I . The analysis performed in this paper assumes that there is a temperature difference, the approach AT, between the ambient air temperature and the high-side refrigerant temperature. The results of the analyses are shown in Figures 6 and 7 for the four regions of the U.S. and the five European countries. There is a separate bar for each of the refrigerants in each of the countries and regions; each bar has a segment for CO, emissions resulting fiom power input to the compressor, beWclutch assembly, and fan; a segment corresponding to &el consumption for transporting the weight of the air conditioner assembly, and a segment for the direct global warming effect of refiigerant emissions. The direct effects are so small for the hydrocarbon refrigerants and transcritical system that they do not show up on these drawings.
The differing assumptions about system design capacity result in much lower TEWI for automobile air conditioners in Europe than in the U.S. Repeating the calculations using 7.0 kW design capacity for both the U.S. and Europe results in TEWI for both regions that have comparable magnitudes, though some differences in trends remain.
The system weight is an important factor in each of the regions evaluated, though it is not a dominant factor in any of them. Interestingly, CO, emissions for a small (3.5 kW) system in cool climates is of the same magnitude as CO, emissions resulting fiom powering the compressor.
Obviously, the nigher the cooling delivered, the less effect the weight has on the total.
In regions ofthe U.S. with high cooling demands, the hydrocarbon systems can actually have comparable or bigher TEWI than the HFC-134a system. This trend also holds for 7.0 kW systems in Europe (not shown). Results for the CO, system appear to be higher than those for HFC-134a in the U.S., but this depends entirely on uncertain assumptions about the CO, operating efficiency. in the U.S. under the current assumptions for COPS; it has a lower TEWI than HFC-134a for the 3.5 kW system in each of the European countries, and though higher than the hydrocarbons, it is not significantly higher. 
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